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(54) MACHINE TOOL DEVICE AND ITS WORKING FLUID FEED DEVICE 



(57) The present invention relates to a machine tool 
system and a machining liquid supply device for machin- 
ing a workpiece by a tool such as a grinding wheel or a 
milling cutter, and solves the problem of how to supply 
the machining liquid optimally to an area where the tool 
engages with the workpiece. In order to solve this prob- 
lem, the present Invention is so configured that during 
the machining of a workpiece with a tool (T) detachably 
mounted on a spindle (12) of a machine tool (MT), the 
machining liquid supply device (18) for supplying a ma- 
chining liquid to a machining area of the tool (T) is pro- 
vided with an opening end at the forward end of a ma- 
chining liquid supply nozzle (20), and can givethe move- 
ments in a radial direction and a circumferential direction 
through 360* with respect to the axis of the spindle (1 2) 
about the spindle head (12) having the spindle (12) 
through a rotational supporting body (16) by means of 
linear movement means (80) and rotating movement 
means (30), respectively. 
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Description 

TECHNICAL FIELD 

[0001 ] The present Invention relates to a machine tool 
system and a machining liquid supply device thereof. 
More particularly, the present invention relates to a ma- 
chine tool system and a machining liquid supply device 
thereof capable of most properly achieving the removal 
of chips and the cooling of a workpiece with a mach ining 
liquid by always spouting it from an optimal position, and 
in an optimal direction, relative to a part of the workpiece 
being machined during the machining of the workpiece 
with a tool. The present invention also relates to a ma- 
chine tool system and a machining liquid supply device 
capable of spouting a machining liquid in an optimal ma- 
chining liquid supply mode on a part of a workpiece be- 
ing machined in accordance with the diameter and ma- 
chining condition of a tool having peripheral working el- 
ements, such as a grinding wheel or various milling cut- 
ters, and in accordance with the variation of the posi- 
tional relation between the tool and the workpiece when 
machining the workpiece with the tool. 

BACKGROUND ART ^ 

[0002] Especially in the case where a metal work- 
piece is machined by a tool of a machine tool system, it 
is essential to supply a machining liquid over the part of 
the workpiece being machined in order to ensure a sat- 
isfactory cooling action for removing the heat generated 
in the part of the workpiece being machined and to pro- 
mote the smooth machining action of the tool by remov- 
ing the chips generated by the machining. 
[0003] A conventional machining liquid supply device 
used in a conventional machine tool can be, for exam- 
ple, a grinding liquid supply device disclosed in Japa- 
nese Unexamined Utility Model Publication (Kokai) No. 
61-124366, which is hereinafter referred to as a first pri- 
or art. This publication discloses what may be called a 
manually operated type of machining liquid supply de- 
vice, in which a machining liquid nozzle disposed in 
alignment with a tangent to a grinding wheel at a grind- 
ing point is supported on a wheel guard so as to be mov- 
able In directions perpendicular to the same tangent to 
the grinding wheel, so that the machining liquid can be 
spouted in a direction tangential to the grinding wheel 
at the grinding point by the operator operating an adjust 
handle regardless of a change in the diameter of the 
grinding wheel. The machining liquid supply device ac- 
cording to the first prior art, however, is not perfectly sat- 
isfactory because, when the grinding point is changed 
during a process of grinding a workpiece with a grinding 
wheel, the machining liquid cannot be spouted in a di- 
rection tangential to the grinding wheel at a changed 
grinding point. 

[0004] A second prior art is a method of controlling a 
position of a grinding liquid spouting nozzle which is dis- 



closed in Japanese Unexamined Patent Publication 
(Kokai) No. 1 -146662. More specif ically, this patent pub- 
lication discloses a method in which a grinding liquid 
spouting nozzle is disposed in such a manner as to be 

5 capable of being tumed for indexing about a spindle 
holding a grinding wheel during a contour grinding proc- 
ess with the grinding wheeL and the grinding liquid 
spouting nozzle is controlled in position to direct it to- 
ward a grinding point according to a program for con- 

10 trolling the movement of the grinding wheel during the 
grinding process. In this conventional method of spout- 
ing the grinding liquid according to the second prior art, 
however, the spouting direction of the grinding liquid is 
adjusted by tuming the grinding liquid spouting nozzle 

^5 about the spindle when the grinding point where the 
grinding wheel grinds a workpiece is displaced, and 
therefore the grinding liquid spouting nozzle is not al- 
lowed to move radially with respect to the center of the 
grinding wheel. Thus, the second prior art teaches noth- 
^0 ing about a method of correctly adjusting the grinding 
liquid spouting direction of the grinding liquid spouting 
nozzle when the grinding process is performed with a 
grinding wheel of a different diameter held on the spin- 
dle. 

25 [0005] A third prior art is a water spouting device for 
a machining center disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 6-31582. This water 
spouting device for a machining center is capable of ver- 
satilely spouting water either in a horizontal direction or 

30 vertical direction through a water spouting nozzle to a 
machining point where the tool of the machining center 
cuts a workpiece to allow water to be spouted always 
toward the machining point. This water spouting device 
is configured such that the water spouting nozzle can 

35 be moved about a spindle holding a tool by rotation of 
a gearing, and when the machining point moves hori- 
zontally, the water spouting nozzle can move following 
the moving angle to spout water toward the machining 
point. When the machining point changes In height, on 

40 the other hand, the base portion of the water spouting 
nozzle is rotated to move the tip thereof vertically, there- 
by allowing the water spouting nozzle to spout water to- 
ward the machining point. 

[0006] The water spouting device for a machining 
45 center according to the third prior art, however, is not 
configured to be movable radially with respect to the 
center of the tool held on the spindle. Therefore, when 
the diameter of the tool changes, the water spouting di- 
rection of the water spouting nozzle, disadvantageous^, 
50 cannot be adjusted with respect to the machining point 
with sufficient accuracy. 

[0007] A fourth prior art is a grinding machine provid- 
ed with a wheel guard for a grinding wheeL disclosed in 
• US Patent No. 4,619,078. In this known grinding ma- 
55 chine, this wheel guard covers the grinding wheel held 
on a spindle and carries a machining liquid supply noz- 
zle, which is configured to be tumable about the spindle 
together with the wheel guard and to be movable radially 
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with respect to the spindle in accordance with the diam- 
eter of the grinding wheel, thereby supplying the ma- 
chining liquid to the contact point between the grinding 
wheel and the workpiece. Specifically, the machining liq- 
uid supply nozzle is turned together with the wheel 
guard so that the wheel guard and the workpiece do not 
interfere with each other and, in response to reduced 
diameter of the grinding wheel due to wearing, the noz- 
zle is adjusted with respect to the wheel guard by driving 
a motor, thereby to adjust the direction in which the ma- 
chining liquid is supplied, or to move the wheel guard In 
a radial direction of the grinding wheel. 
[0008] The fourth prior art, however, is a special ma- 
chine tool, such as a surface grinder, and the wheel 
guard for covering the grinding wheel is an essential 
component. As a result, an attempt to mount a tool de- 
tachably on the spindle by an automatic tool changer 
such as In a machining center leads to the problem that 
the automatic tool changing operation cannot be 
achieved because the wheel guard Interferes with the 
tool changing operation of the automatic tool changer. 
The disadvantage of this prior art, therefore, is the lack 
of versatility of applicability to the machining portions of 
various machine tools other than the surface grinder 
Furthermore, the known grinding machine does not 
have any axis about which the workpiece Is rotated, and 
can feed the workpiece only linearly along three axes, 
i.e., X-, Y- and Z-axes. Consequently, it has the problem 
that some workpieces of a particular shape interfere un- 
avoidably with the wheel guard, or that the machining 
liquid cannot be property supplied to the machining area 
if the interference between the workpiece and the wheel 
guard is avoided. Also, there is no specific disclosure of 
a structure or an arrangement for rotating or radially 
moving the wheel guard, or the machining liquid supply 
nozzle associated with it, in response to the driving force 
from the motor. Therefore, the utility of this prior art is 
insufficient in view of practical use. 
[0009] In addition, the fourth prior art is not provided 
with any tool measuring means for measuring the diam- 
eter of the grinding wheel and nothing is disclosed with 
regard to techniques of automatically adjusting the ra- 
dial position of the machining liquid supply nozzle rela- 
tive to the grinding wheel on the basis of an acquired 
measurement of the tool diameter of the grinding wheel 
when the grinding wheel is abraded or the diameter 
thereof is changed by dressing or truing. Further, an at- 
tempt to adjust the circumferential position of the ma- 
chining liquid supply nozzle about the grinding wheel en- 
counters the problem that the positioning over the entire 
circumference of the grinding wheel is hampered by the 
wheel guard. 

DISCLOSURE OF THE INVENTION 

[0010] Accordingly, a principal object of the present 

invention is to provide a machine tool system and its ma- 
chining liquid supply device capable of positioning a ma- 



chining liquid nozzle included in the machining liquid 
supply device at an optimal position relative to an en- 
gaging area where a tool engages with a workpiece from 
the viewpoint of chip removal and cooling in accordance 

5 with a change in the diameter of a tool detachably 
mounted on a spindle or a change in a machining point 
of various machine tools not limited to a specific type of 
machine tool, while at the same time supplying the ma- 
chine liquid into the engaging area. 

10 [0011] Another object of the present invention is to 
provide a machine tool system and its machining liquid 
supply device capable of positioning a machining liquid 
nozzle of the machining liquid supply device at the op- 
timal machining liquid supply position relative to an area 

15 where a tool engages with a workpiece, by moving the 
machining liquid supply device to a desired machining 
liquid supply position by means of a rotary mechanism 
free of a dead angle about a spindle of the machine tool 
system, and further by positioning the machining liquid 

20 nozzle at the optimal machining liquid position in coop- 
eration with a linear movement mechanism for lineariy 
moving the machining liquid nozzle in a radial direction 
or a tuming movement mechanism for turning the ma- 
chining liquid nozzle. 

25 [0012] Further object of the present invention is to pro- 
vide a machine tool system and its machining liquid sup- 
ply device capable of starting a machining process, in 
the case where a tool is reconditioned, after reposition- 
ing the machining liquid nozzle automatically following 

30 a before-and-after change in a diameter of the recondi- 
tioned tool. 

[0013] Specifically, according to a first aspect of the 
present invention, there is provided a machine tool sys- 
tem for machining a workpiece by moving a tool mount- 
35 ed on a spindle and the workpiece mounted on a table 
included in the machine tool system relative to each oth- 
er in three directions along an X-axis, a Y-axis and Z- 
axiS: which comprises: 

40 a spindle head for rotatably supporting the spindle; 
a column for movably supporting the spindle head; 
a tool mounting means for detachably mounting the 
tool on the spindle; 

a machining liquid supply means including a ma- 
45 chining liquid nozzle for spouting a machining liquid 
toward a machining area where the tool engages 
with the workpiece, and connected by piping to a 
machining liquid source; 

a cylindrical supporting means disposed in an area 
50 surrounding the circumference of the spindle for 

movably supporting the machining liquid nozzle of 

the machining liquid supply means; 

a radial moving means for positioning, in a radial 

direction of the tool, the machining liquid nozzle of 
55 the machining liquid supply means supported on 

the cylindrical supporting means, by linearly moving 

or turning the machining liquid nozzle with respect 

to the tool; and 
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a circumferential moving means for positioning the 
machining liquid nozzle of the machining liquid sup- 
ply means over the entire circumference of the too! 
by rotating the cylindrical supporting means. 

5 

[0014] Preferably, the radial moving means compris- 
es a rack located on the machining liquid nozzle of the 
machining liquid supply means, a pinion movable rela- 
tive to the cylindrical supporting means and In mesh with 
the rack, a wonri wheel movable relative to the cylindri- io 
cal supporting means together with the pinion, a womri 
In mesh with the worm wheel, and a linear movement 
motor fixed on the column for driving to rotate the worm. 
[0015] Preferably, the radial moving means compris- 
es a pinion located on the machining liquid nozzle of the is 
machining liquid supply means, a womn wheel having a 
pinion in mesh with the pinion and being movable rela- 
tive to the cylindrical supporting means, a worm in mesh 
with the worm wheel, and a turning movement motor 
fixed on the column for driving to rotate the worm. 20 
[0016] Preferably, the circumferential moving means 
comprises a womri wheel integrated with the cylindrical 
supporting means, a worm in mesh with the worm 
wheel, and a rotating movement motor fixed on the col- 
umn for driving to rotate the worm. 25 
[0017] Preferably, the system further comprises a ro- 
tary table having at least one rotational feed shaft and 
a work rotating means for rotationally feeding the work- 
piece mounted on the rotary table. 

[0018] In addition, preferably, in the case where the 30 
tool mounted on the spindle is a grinding wheel, the ma- 
chine tool system further comprises a tool measuring 
means located in a part of a structure of the machine 
tool system for measuring a diameter or a tip position of 
the grinding wheel mounted on the spindle. 35 
[0019] Moreover, preferably, in the case where the 
tool mounted on the spindle is a grinding wheel, the ma- 
chine tool system further comprises a tool recondition- 
ing means located on the column for truing or dressing 
an outer peripheral portion of the grinding wheel mount- 40 
ed on the spindle. 

[0020] According to a second aspect of the present 
invention, there is provided a machining liquid supply 
device of a machine tool system for supplying the ma- 
chining liquid to a machining area where a tool mounted 45 
on a spindle engages with a workpiece mounted on a 
table included in the machine tool system, which com- 
prises: 

a machining liquid supply means including a ma- 
chining liquid nozzle for spouting the machining liq- 
uid toward the machining area and connected by 
piping to a machining liquid source; 
a cylindrical supporting means disposed in an area 
surrounding the circumference of the spindle for 55 
movably supporting the machining liquid nozzle of 
the machining liquid supply means; 
a radial moving means for positioning, in a radial 



direction of the tool, the machining liquid nozzle of 
the machining liquid supply means supported on 
the cylindrical supporting means, by lineariy moving 
or tuming the machine liquid nozzle with respect to 

the tool; and 

a circumferential moving means for positioning the 
machining liquid nozzle of the machining liquid sup- 
ply means over the entire circumference of the tool 
by rotating the cylindrical supporting means. 

[0021] Preferably, the radial moving means compris- 
es a rack located on the machining liquid nozzle of the 
machining liquid supply means, a pinion movable rela- 
tive to the cylindrical supporting means and in mesh with 
the rack, a womn wheel movable relative to the cylindri- 
cal supporting means together with the pinion, a worm 
in mesh with the worni wheel, and a linear movement 
motor fixed on the column for driving to rotate the worm. 
[0022] Preferably, the radial moving means compris- 
es a pinion located on the machining liquid nozzle of the 
machining liquid supply means, a worm wheel having a 
pinion in mesh with the pinion and being movable rela- 
tive to the cylindrical supporting means, a worm in mesh 
with the worm wheel, and a tuming movement motor 
fixed on a part of a structure of the machine tool system 
for driving to rotate the worm. 

[0023] Preferably, the circumferential moving means 
comprises a womn wheel Integrated with the cylindrical 
supporting means, a worm in mesh with the worm 
wheel, and a rotating movement motor fixed on a part 
of a structure of the machine tool system for driving to 
rotate the worm. 

[0024] By provision of the cylindrical supporting 
means for movably supporting the machining liquid noz- 
zle of the machining liquid supply means for spouting 
the machining liquid toward the machining area where 
the tool engages with the workpiece, on the area sur- 
rounding the circumference of the spindle supported ro- 
tatably on the spindle head, the present invention can 
achieve operations of linearly moving or turning the ma- 
chining liquid nozzle of the machining liquid supply 
means in the radial direction of the tool by means of the 
radial moving means located on the cylindrical support- 
ing means, and rotating the machining liquid nozzle of 
the machining liquid supply means over the entire cir- 
cumference about the tool, thereby positioning the ma- 
chining liquid nozzle so as to spout the machining liquid 
toward the machining area. 

[0025] The machine tool system and the machining 
liquid supply device according to the invention having 
the arrangement and operations as described above, In 
performing the machining process such as grinding or 
cutting on the workpiece W by a machining tool T such 
as a grinding wheel or a milling cutter of the machine 
tool MT, can supply and spout the machine liquid 
through the machining liquid supply nozzle of the ma- 
chining liquid supply device to the machining area orthe 
contact area P of the tool T from the optimum machining 
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liquid supply position, i.e. from the most proper position 
for removing the machining chips and cooling both the 
tool T and the workplece W. Further, when setting the 
opening end of the machining liquid supply nozzle in 
most proper position and orientation for optimal machin- 
ing liquid supply, the machining liquid supply device it- 
self can be rotated over the entire circumference about 
the rotational axis of the spindle. Therefore, the setting 
of the position and orientation can be performed without 
any difficulty in spite of the change in any of the various 
conditions such as the shape and the limitation of the 
installation of the workpiece W. 

[0026] It should be understood from the foregoing de- 
scription that the present invention is not limited to the 
grinding machine for performing the grinding process 
but Is applicable as it is to the other machine tool system 
such as a cutting machine using a milling cutter with 
equal effect. 

[0027] In addition, according to the present invention, 
even if the diameter of the tool in use is changed by the 
exchange of the tools T such as the grinding wheel T 
using the tool changing means or the wear of the tool in 
use causes the change in the diameter thereof , the tool 
diameter can be measured and the setting of the posi- 
tion and orientation of the machining liquid supply noz- 
zle of the machining liquid supply device can be properly 
adjusted and moved on basis of the measured tool di- 
ameter. In this way, the machining liquid can be always 
supplied from the optimal position to the machining area 
of the tool. 

[0028] As described above, in view of the fact that the 
position for supplying the machining liquid to the ma- 
chining area of the tool of the machine tool system can 
be always set in an optimal condition for cooling function 
and chip removal function, both the machining accuracy 
and the surface roughness can be remarkably improved 
in the machining operation applied by the tool T to the 
workpiece W. Further, the machining tool can be always 
properly and effectively cooled while at the same time 
removing the chips. This can decrease the wearing of 
the tool and results in a reduced machining cost. 
[0029] Also, this invention Is so configured that the 
setting and the positioning of the machining liquid supply 
nozzle of the machining liquid supply device can be au- 
tomatically achieved in both radial and circumferential 
directions with respect to the axis of the spindle, respec- 
tively, by the rotating movement means and linear 
movement or turning movement means including a driv- 
ing motor with a sen/o motor as a driving source. The 
application of the invention to the automatic machine 
tool such as a machining center, therefore, can contrib- 
ute to the optimization of the automatic supply of the 
machining liquid. 

[0030] Comparison of the present invention with the 
above-mentioned four prior art will be described below. 
The first prior art is so configured that the position of the 
machining liquid nozzle can be adjusted only in a direc- 
tion along the diameter, i.e. radially of the tool (grinding 



wheel). The second and third prior art are so configured 
that the position of the machining liquid supply nozzle 
can be adjusted only in a circumferential direction, i.e. 
in a direction tangential to the tool (grinding wheel) at 

5 the machining point. According to the present invention, 
in contrast, the position of the machining liquid nozzle 
can be adjusted in both radial and circumferential direc- 
tions of the tool, and therefore the machining liquid can 
be supplied from the optimal position in response to the 

^ 0 change in the tool diameter or the machining point. Fur- 
ther, the fourth prior art is so configured that the position 
of the machining liquid nozzle can be adjusted in both 
the radial and circumferential directions of the tool, but 
the adjustment of the circumferential position is limited. 

15 In contrast, the present invention is free of such a limi- 
tation of the position of adjusting the machining liquid 
nozzle in the circumferential direction of the toot, and 
configured so that the position adjustment is possible 
over the entire circumference of the tool. Therefore, the 

20 machining liquid can be supplied properly without any 
dead angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0031 ] The above and other objects, featu res and ad- 
vantages of the present Invention will be further ex- 
plained below in conjunction with the accompanying 
drawings, wherein: 

30 Fig. 1 is a perspective view showing a configuration 
of an essential part of a machine tool system con- 
stituting a grinding machine having a machining liq- 
uid supply device for supplying a machining liquid 
to a portion ground by a grinding wheel according 

35 to an embodiment of the present Invention; 

Fig. 2 is a partial front view showing the relation be- 
tween a machining liquid supply nozzle of the ma- 
chining liquid supply device and the portion of the 
workpiece grinded by the grinding wheel, and the 

40 positional relation between the grinding wheel and 
a tool reconditioning means for truing or dressing a 
tool such as the grinding wheel as viewed from the 
front side of a spindle of the grinding machine 
shown in Fig. 1; 

45 Fig. 3 is a perspective of an essential part, showing 
cylindrical supporting means arranged on an area 
surrounding the circumference of the spindle rotat- 
able within the spindle head of the grinding ma-, 
chine, the cylindrical supporting means being 

50 adapted to support the machining liquid supply de- 
vice having a machining liquid supply nozzle mov- 
ably in two directions, i.e., in circumferential and ra- 
dial directions, by linear movement means and ro- 
tating movement means; 

55 Fig. 4 is a perspective sectional view of an essential 
part, showing an engagement between a worm and 
a worm wheel making up the rotating movement 
means and the linear movement means and an en- 
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gagement between a rack and a pinion, thereby to 
allow the machining liquid supply device to be 
moved in the circumferential direction and radial di- 
rection, respectively; 

Fig. 5 is a perspective view of an essential part, 
showing cylindrical supporting means arranged on 
an area surrounding the circumference of the spin- 
dle rotatable within the spindle head of the grinding 
machine, the cylindrical supporting means being 
adapted to support the machining liquid supply de- 
vice having a machining liquid supply nozzle mov- 
ably in two directions, i.e., in circumferential and ra- 
dial directions, by turning movement means and ro- 
tating movement means; 

Fig. 6 is a front view showing a configuration of a 
grinding machine according to an embodiment of 
the present invention, which includes a spindle 
head having a spindle with a grinding wheel mount- 
ed thereon and a bed with a workpiece and a tool 
measuring means mounted thereon; and 
Fig. 7 is a side view showing an arrangement of tool 
measuring means and a workpiece- mounting rotary 
head mounted on the bed of Fig. 6 through a rotary 
head base. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0032] First, referring to Figs. 1 and 2, a machine tool 
MT is shown as a grinding machine according to an em- 
bodiment thereof. The machine tool MT has a spindle 
head 10, and a spindle 12 is supported for high speed 
rotation in the spindle head 10. A grinding wheel or tool, 
i.e., an example of a tool T, is mounted on a tool mount 
12a of the spindle 12. The spindle head 10 is mounted 
on a machine column 1 4 so that it can be moved relative 
to the bed, not shown, together with the machine column 
14 or can be moved relative to the machine column 14, 
in directions parallel to two orthogonal axes (i.e., X- and 
Y-axes) as shown. The respective movements of the 
spindle head 10 and the spindle 12 supported by the 
spindle head 10 in directions parallel to those two or- 
thogonal axes are detected by position detectors (not 
shown), such as scales, arranged on the machine tool 
and associated with those two axes, respectively. 
[0033] Also, the machine tool MT, i.e., the grinding 
machine according to this embodiment thereof, is pro- 
vided with a tool reconditioning unit D capable of per- 
forming the tool reconditioning process, while the grind- 
ing process is going on, by truing or dressing the grind- 
ing wheel or tool mounted on the spindle 1 2 through the 
tool mount 12a. A dresser tool DT is mounted on the 
foremost portion of the tool adjusting unit D. 
[0034] The machine tool MT is further provided with 
a cylindrical supporting body 16 arranged rotatably by 
means of a bearing unit described later in an area sur- 
rounding the spindle head 1 0. The machining liquid sup- 
ply device 1 8 is carried on the cylindrical supporting 
body 1 6 so as to be rotatable about the center axis of 



spindle head 10, i.e. about the rotational center axis of 
the spindle 12, along with the rotation of the cylindrical 
supporting body 16. 

[0035] This machining liquid supply device 18 is pro- 
5 vided with a machining liquid receiving unit 1 8a connect- 
ed to a machining liquid source (not shown), a piping 
unit 1 8b and a machining liquid supply nozzle 20 mount- 
ed at the forward end 18c of the piping unit 18b through 
an appropriate rotatable connector 1 8d (see Fig. 2). The 

10 machining liquid is discharged and supplied from an 
opening end of the machining liquid supply nozzle 20 
toward the machining portion between the tool T and the 
workpiece W (see Fig. 2). i.e. toward the contact area 
P between the grinding wheel T and the workpiece W. 

'5 [0036] The contact area P between the grinding wheel 
T and the workpiece W is displaced every moment with 
the progress of the grinding process and the abrasion 
of the grinding wheel T. Both of a rotating movement 
mechanism (rotating movement means) and a linear 

20 movement mechanism (linear movement means) for 
setting a position and a orientation of the machining liq- 
uid supply nozzle 20 moves the machining liquid supply 
nozzle 20 via the cylindrical supporting body 16 to al- 
ways direct the opening end of the machining liquid sup- 

25 ply nozzle 20 of the machining liquid supply device 18 
of the machine tool MT toward the contact area P, under 
the optimum conditions for supplying the machining liq- 
uid, i.e. in such a manner as to follow the displacement 
of the contact area P during the progress of the grinding 

30 process on the workpiece W. Now, these two mecha- 
nisms will be explained with reference to Figs, 1 and 2 
as well as to Figs. 3 and 4. 

[0037] The cylindrical supporting body 1 6 for carrying 
the machining liquid supply device 18 Is mounted 

35 around the spindle head 1 0 by means of rotary bearings 
22a, 22b (see Fig. 4) such as welt-known ball bearings 
or the like in such a manner as to be rotatable through 
360" about the axis of the spindle head 1 0 and the spin- 
dle 12 as described above, i.e. over the entire circum- 

40 ference of the spindle head 1 0 and the spindle 1 2. Along 
with the rotation of the cylindrical supporting body 16. 
therefore, the machining liquid supply device 1 8 can be 
also rotated through 360** over the entire circumference 
about the axis of the spindle head 1 0 and the spindle 1 2 . 

45 [0038] On the other hand, a linear guide portion 16a 
is fomned as an L-shaped outward protrusion In the ra- 
dial direction on a part of the front edge of the cylindrical 
supporting body 1 6. The machining liquid supply device 
1 8 is integrally coupled with a linear rod 1 7 fitted lineariy 

50 slidably Into a linear guide groove 16 formed in a guide 
block 1 6b of a linear guide portion 1 6a, thereby allowing 
the machining liquid supply device 1 8 to be linearly mov- 
able. The linear movement of the machining liquid sup- 
ply device 1 8 is designed and preset to move the ma- 

55 chining liquid supply nozzle 20 in radial direction toward 
and away from the axis of the spindle 12. As a result, 
the opening end of the machining liquid supply nozzle 
20 shown in Fig. 1 is movable in radial direction toward 
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and away from the rotational axis of the grinding wheel 
T nrjounted on the spindle 12. 

[0039] The first worm wheel 32 of the cylindrical sup- 
porting body 16 making up the rotating movement 
mechanism 30 is fixedly attached, by appropriate fixing 
means, on the side of the rear edge axial ly spaced from 
the side of the front edge having the linear guide portion 
16a of the cylindrical supporting member 16. The first 
worm 34 is in mesh with the first worm wheel 32. By 
rotationally driving the first wornn 34, the rotating force 
is applied to the first worm wheel 32, with the result that 
the cylindrical supporting body 16 is rotatable through 
360** about the axis of the spindle head 1 0 and the spin- 
dle 12 by means of the rotary bearings 22a, 22b. In the 
process, the shaft 36 of the first worni 34 is rotatably 
held by means of an appropriate rotary bearing between 
a pair of rotation holding portions 38a, 38b located on a 
bracket 38 mounted on the spindle head 10, as clearly 
shown in Fig. 3. A pulley 36a is mounted at an end of 
the shaft 36 of the first worm 34, while a driving motor 
40 such as a servo motor is held on the bracket 38. A 
pulley 42a is mounted at the forward end of the output 
shaft 40a of the driving motor 40. The pulley 42a on the 
side of the driving motor 40 and the pulley 36a on the 
side of the first worm 34 are connected by a well-known 
timing belt 44, so that the first worm 34 Is rotated by the 
rotating force of the driving motor 40. 
[0040] Specifically, the rotating movement mecha- 
nism 30 for rotationally moving the machining liquid sup- 
ply nozzle 20 of the machining liquid supply device 18 
via the cylindrical supporting body 16 includes a belt- 
and-pulley mechanism having the driving motor 40, the 
timing belt 44 and the pulleys 36a, 42a, the first womn 
34 and the first worm wheel 32. In this way, by controlling 
the rotation of the driving motor 40 and the driving motor 
50 synchronously, the amount of rotating movement of 
the cylindrical supporting body 16 about the axis of the 
spindle can be controlled over the entire circumference 
to locate and set the supporting body 16 in a desired 
circumferential position. 

[0041 ] A cylindrical gear carrier 50 is located at an in- 
termediate portion between the front and rear ends of 
the cylindrical supporting body 16 so as to be rotatable 
about the axis of the spindle head 1 0 and the spindle 1 2 
with respect to them by means of ball bearings 52a, 52b. 
A second worm wheel 54 is fixedly attached In parallel 
to the first worm wheel 32 on the outer periphery of the 
gear carrier 50. In other words, the second worm wheel 
54 is mounted on the gear carrier 50 to be rotatable to- 
gether with the gear carrier 50. A pinion 56 is also fixedly 
attached on the gear carrier 50 in parallel to the second 
womn wheel 54. Rack teeth 58 formed on an inner sur- 
face of a rack 60 are in mesh with the pinion 56 as cleariy 
shown in Fig. 4. At the same time, the rack 60 is coupled 
to the linear rod 17 described above by appropriate fix- 
ing means such as a bolt and therefore integrated with 
the machining liquid supply device 1 8. Thus, the rotation 
of the gear carrier 50 iineariy moves the rack 60 in a 



longitudinal direction thereof because of the mesh of the 
rack 60 with the pinion 56. As a result, the machining 
liquid supply device 18 integrated with the rack 60 via 
the linear rod 1 7 is moved linearly, so that the machining 

5 liquid supply nozzle 20 linearly moves in radial direction 
of the spindle head 10 and the spindle 12 with respect 
to their center axes. A second wonn 66 is in mesh with 
the second worm wheel 54, as is cleariy shown in Fig. 
3. The second wonri 66 has a shaft 68 and is rotatably 

10 mounted, by means of a rotary bearing (not shown), to 
a pair of holders 72a, 72b located on the bracket 70 
mounted on the spindle head 1 0. A pulley 74 is fixedly 
attached at one end of the shaft 68 of the second worm 
66, while a pulley 78a is mounted at the forward end of 

IS the output shaft 76a of the driving motor 76 such as a 
servo motor held on the bracket 70. A timing belt 7Bb Is 
put in tension between the pulley 78a and the pulley 74 
of the second worm 66. As a result, by controlling the 
rotation of the driving motor 76, the machining liquid 

20 nozzle 20 of the machining liquid supply device 1 8 is 
driven in a radial direction of the spindle head 1 0 and 
the spindle 12 with respect to their center axes, as de- 
scribed above, by the belt-and-pulley mechanism in- 
cluding the timing belt 78b and the pulleys 74, 78a and 

25 by the linear movement mechanism 80 including the 
second worm 66, the second worm wheel 54, the pinion 
56 and the rack 60. In the process, it is necessary to 
stop the driving motor 40 rotating the first worm wheel 
32 in order to lock the cylindrical supporting body 1 6. It 

30 is of course possible to reverse the rotational direction 
of the second worm wheel 54 and the pinion 56 so that 
the machining liquid nozzle 20 moves toward or away 
from the center axis of the cylindrical supporting body 6 
in radial direction. 

35 [0042] For moving the machining liquid supply nozzle 
20 linearly toward or away frorn the center axis of the 
spindle 12, the length of the rack 60, the size and the 
number of the rack teeth 58 and the teeth of the pinion 
56 may be appropriately selected and designed in ac- 

40 cordance with a required maximum range and minimum 
unit of linear movement depending on a maximum value 
of a diameter T of a grinding wheel to be used. The pin- 
ion 56 may be also formed as a partial gear, as required. 
[0043] Both of the rotating movement mechanism 30 

45 and the linear movement mechanism 80 for moving the 
machining liquid supply nozzle 20 of the machining liq- 
uid supply device 18 rotationally and linearly, respec- 
tively, are adapted to carry the driving motors 40, 76 on 
the brackets 38, 70 located in the outer peripheral area 

50 surrounding the circumference of the spindle head 10 
having the cylindrical supporting body 1 6 mounted ro- 
tatably thereon, while at the same time being adapted 
to drive to rotate, by means of the relatively smaller first 
and second worms 34, 66, the cylindrical supporting 

55 body 16 and the first and second worni wheels 42, 54 
mounted thereon. Therefore, the rotation of the cylindri- 
cal supporting body 16 is not mechanically interfered 
with by any members or mechanical parts. As a result, 
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this allows the machining liquid supply device 18 and 
the machining liquid supply nozzle 20 to be rotated 
through 360* over the entire circumference about the 
axis of the spindle 12. Further, in combination with the 
linear movement of the liquid supply device 1 8 in the s 
radial direction, the opening end of the machining liquid 
supply nozzle 20 can be positioned and set in an opti- 
mum position and orientation for supplying the machin- 
ing liquid to the contact area P between the grinding 
wheel T and the workpiece W. io 
[0044] An embodiment different from the aforemen- 
tioned embodiment will be explained with reference to 
Fig. 5. Reference numerals similar to those of the em- 
bodiment shown in Figs. 1 to 4 described above will not 
be explained. is 
[0045] The embodiment shown in Fig. 5 and the em- 
bodiment shown in Figs. 1 to 4 are different in the pro- 
vision of a turning movement mechanism 120 instead 
of the linear movement mechanism 80. The turning 
movement mechanism 1 20 is adapted to carry a driving 20 
motor 122 by the bracket 70 located in the outer periph- 
eral area surrounding the spindle head 10 having the 
cylindrical supporting body 16 rotatably mounted there- 
on, and to drive to rotate a third worm wheel 1 26 mount- 
ed on the cylindrical supporting body 16, via the third 25 
worm 124. The driving force of the driving motor 122 is 
transmitted to the third womi 124, as in the linear move- 
ment mechanism 80. by a belt-and-pulley mechanism. 
A pinion 1 26 is integrated with the third wonm wheel 1 25 
and is in mesh with a pinion 128, A shaft portion 130 30 
having the machining liquid supply nozzle 20 at the for- 
ward end or the tip thereof is integrated with the pinion 
128 and is rotatably supported by means of a well- 
known bearing or the like inside the machining liquid 
supply device 18. Specifically, the shaft 130 having the 35 
machining liquid supply nozzle 120 is adapted to turn 
about the axis thereof through the third wonn 124, the 
third worm wheel 1 25, the pinion 1 26 and the pinion 1 28, 
by driving the driving motor 122. 

[0046] According to this embodiment, a combination 40 
of the turning movement by the turning movement 
mechanism 120 and the rotating movement by the ro- 
tating movement mechanism 30 achieve the positioning 
of the machining liquid supply nozzle 20 with respect to 
the contact area P between the grinding tool T and the 45 
workpiece W. The difference of this embodiment from 
the aforementioned one is that the machining liquid sup- 
ply nozzle 20 is positioned in the radial direction of the 
grinding tool T by the turning movement mechanism 
120. Specifically, the synchronous operation of the ro- so 
tating movement mechanism 30 and the turning move- 
ment mechanism 120 makes it possible to position the 
machining liquid supply nozzle 20 with respect to the 
contact area P between the grinding tool T and the woric- 
piece W. 55 
[0047] The positioning of the machining liquid supply 
nozzle 20 in circumferential direction of the grinding tool 
T by the rotating operation of the rotating movement 



mechanism 30 and the positioning of the machining liq- 
uid supply nozzle 20 in the radial direction of the grinding 
tool T by the turning operation of the turning movement 
mechanism 1 20 can be perfomied separately from each 
other Also, the sequence of the operations is not spe- 
cifically limited. Even the provision of the turning move- 
ment mechanism 120 still allows the machining liquid 
supply nozzle 20 to be rotated through 360* over the 
entire periphery of the spindle 12 about the axis of the 
spindle 12 without any interference, as in the embodi- 
ment described above. 

[0048] In the case where the wori<piece W is ground 
with the machining liquid supplied from the machining 
liquid supply device 1 8 of the machine tool (grinding ma- 
chine) MT, the surface grinding of the workpiece W can 
be perfonned with the machining liquid supplied thereto 
under substantially the optimum condition, If the spindle 
head 1 0 is adapted to be movable In the directions along 
two orthogonal axes with respect to the column 14 and 
provided is a work table (not shown) which can move 
the workpiece W in the direction of 2-axis, i.e., the di- 
rection of the other one axis orthogonal to the aforemen- 
tioned two orthogonal directions (X- and Y-axes) in a 
plane, so that the workpiece W placed on this work table' 
is ground using the grinding wheel T. 
[0049] On the other hand, another embodiment of a 
machine tool MT is shown in Figs. 6 and 7, in which a 
work table capable of moving the workpiece W only in 
one direction along z-axis is replaced by a rotary table 
not only capable of feeding the workpiece W placed 
thereon along Z-axis in a plane but also capable of ro- 
tating the wori<plece W about, for example, a horizontal 
axis, and in which the workpiece W is mounted on this 
rotary table and the grinding wheel T of variously differ- 
ent diameters stored in a tool storage means are selec- 
tively changed and mounted on the spindle 12 thereby 
to carry out the desired grinding process. In this embod- 
iment, the same component elements as those of the 
machine tool shown in Figs. 1 to 5 are designated by 
the same reference numerals, respectively. 
[0050] Referring to Figs. 6 and 7. the machine tool MT 
is provided with a tool storage unit 90 such as a well- 
known tool magazine and the like, as described later 
Either one of the tools (grinding wheels) T stored in the 
tool storage unit 90 or a work measuring device Mr ca- 
pable of measuring the external dimensions and the 
shape of a workpiece by direct contact can be detach- 
ably mounted on the spindle 1 2 supported in the spindle 
head 10 by a tool changing means (not shown) such as ■ 
a well-known tool changing arm. The continuous lines 
in the upper part of Fig. 6 show a state in which a grind- 
ing wheel T, i.e., an example of a tool T taken out from 
the tool storage unit 90 is mounted on the spindle 12 by 
the tool changing means, while the broken lines in the 
lower part of Fig. 6 show a state in which the work meas- 
uring device Mr is mounted on the spindle 12. 
[0051] On the other hand, a table 94 is mounted on 
the bed 92 opposite to the spindle head 10 so as to be 
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movable in one direction (along Z-axis) orthogonal to the 
aforementioned directions along the two axes. A rotary 
head 98 is mounted on the table 94 through a rotary 
head base 96. The workplece W to be machined is 
gripped by a work gripping device 100 rotatable for in- 
dexing and held in a central portion of the rotary head 
98. The work gripping device 100 can be turned for in- 
dexing by a driving motor (not shown) such as a servo 
motor encased in the rotary head 98. 
[0052] The machine tool MT is connected to a ma- 
chine control unit 1 02. In accordance with an instruction 
from the machine control unit 1 02, the machining liquid 
supply device 18 described above is set in position and 
orientation, and otherwise the operation of all the mov- 
able parts of the machine can be controlled. 
[0053] Also, an automatic tool measuring device 110 
is located at a predetennined position on the table 94. 
Specifically, the automatic tool measuring device 1 10 is 
disposed at a predetermined reference position with re- 
spect to Y- and Z-axes on the table 94, and the ref- 
erence position data (coordinates on a coordinate sys- 
tem defined by Y- and Z-axes) is known as reference 
position data in advance. As shown in Fig. 7, the auto- 
matic tool measuring device 110 can be stored inside 
the table 94 to avoid damage and then covered with a 
lid 112. The automatic tool measuring device 110 has, 
at the foHA^ard end thereof, a measuring tip 110a such 
as a probe formed of a hard material. The movements 
of the spindle head 10 and the machine column 14 in 
two directions along X- and Y-axis directions and the 
movement of the table 94 along Z-axis bring the tool T 
(grinding wheel) held on the spindle 1 2 into contact with 
the measuring tip 11 Oa of the automatic tool measuring 
device 1 1 0 thereby to measure the outer diameter of the 
grinding wheel T Specifically, the reference position da- 
ta on the reference position of the measuring tip 110a 
of the automatic tool measuring device 110 with respect 
to the bed 92 in the directions along X-, Y- and Z-axes 
are stored beforehand as known data in the machine 
control unit 1 02. Thus, by supplying the machine control 
unit 102 with the position data of the measuring tip 11 Oa 
with respect to X-, Y- and Z-axes Input from the position 
detector on the machine at the time when the grinding 
wheel T comes Into contact with the measuring tip 110a, 
the actual measurement of the outer diameter of the 
grinding wheel T can be determined by calculations. 
[0054] Also in the case where the work measuring de- 
vice Mp^ Is mounted on the spindle 12 as described 
above, the position of the center of the spindle 12 is 
stored in the machine control unit 102 as known data. 
Thus, when the spindle 12 and the table 94 relatively 
approach each other in the directions along the three 
axes (X-, Y- and Z-axes) and thereby the measuring tip 
of the work measuring device Mp^ comes into contact 
with the outer surface of the workplece W mounted in 
the work gripping device 100, the external dimensions 
' of the workplece W can be determined by simple arith- 
metic operations in the machine control unit 102 from 



the measured movement of the spindle 12 and the 
known data on the reference position of the spindle 12. 
In the process, the automatic tool measuring device 1 1 0 
can of course be a non-contact measuring device capa- 
5 ble of measuring the dimensions of the workpiece with- 
out touching the workpiece W. 

[0055] In the machine tool according to this embodi- 
ment of the present invention, the machining liquid sup- 
ply device 18 and the tool reconditioning unit D for truing 

10 or dressing the tool are installed constantly in the area 
surrounding the circumference the spindle head 1 0 pro- 
vided with the spindle 12. This machining liquid supply 
device 1 8, as described with reference to the foregoing 
embodiments, has an opening end of the machining liq- 

15 uid supply nozzle 20, and is connected by piping to a 
machining liquid source such as a machining liquid tank 
and the like, not shown in Figs. 6 and 7. The machining 
liquid supply nozzle 20 is arranged in such a manner 
that when the workpiece W is ground by the grinding 

20 wheel T, the chips produced in a machining area are rap- 
idly flushed away by spouting the machining liquid 
through the opening end at the forward end of the nozzle 
20 to the contact area P where the grinding wheel T and 
the workpiece T engage with each other to machine the 

25 workpiece W, while at the same time cooling both the 
grinding wheel T and the workpiece W to ensure proper 
and smooth machining. 

30 Claims 

1. A machine tool system for machining a workpiece 
by moving a tool mounted on a spindle and the 
workpiece mounted on a table included in the ma- 
35 chine tool system relative to each other in three di- 
rections along an X-axis, a Y-axis and Z-axis, said 
machine tool system comprising: 

a spindle head for rotatably supporting the spin- 
40 die; 

a column for movably supporting the spindle 
head; 

a tool mounting means for detachably mounting 
the tool on the spindle; 

45 a machining liquid supply means including a 

machining liquid nozzle for spouting a machin- 
ing liquid toward a machining area where the 
tool engages with the workpiece, and connect- 
ed by piping to a machining liquid source; 

50 a cylindrical supporting means disposed in an 

area surrounding the circumference of the spin- 
dle for movably supporting the machining liquid 
nozzle of the machining liquid supply means; 
a radial moving means for positioning, in a ra- 

55 dial direction of the tool, the machining liquid 

nozzle of the machining liquid supply means 
supported on the cylindrical supporting means, 
by linearly moving or turning the machining liq- 
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uid nozzle with respect to the tool; and 
a circunnferential moving means for positioning 
the machining liquid nozzle of the machining 
liquid supply means over the entire circumfer- 
ence of the tool by rotating the cylindrical sup- 5 
porting means. 

The machine tool system according to claim 1, 
wherein the radial moving means comprises a rack 
located on the machining liquid nozzle of the ma- io 
chining liquid supply means, a pinion movable rel- 
ative to the cylindrical supporting means and in 
mesh with the rack, a womri wheel movable relative 
to the cylindrical supporting means together with 
the pinion, a worm in mesh with the worm wheel, is 
and a linear movement motor fixed on the column 
for driving to rotate the wonn. 

The machine tool system according to claim 1, 
wherein the radial moving means comprises a pin- 20 
Ion located on the machining liquid nozzle of the 
machining liquid supply means, a womn wheel hav- 
ing a pinion in mesh with the pinion and being mov- 
able relative to the cylindrical supporting means, a 
worm in mesh with the worm wheel, and a turning 25 
movement motor fixed on the column for driving to 
rotate the worm. 

The machine tool system according to claim 1, 
wherein the circumferential moving means compris- 30 
es a worm wheel integrated with the cylindrical sup- 
porting means, a worm in mesh with the wonri 
wheel, and a rotating movement motor fixed on the 
column for driving to rotate the worm. 

35 

The machine tool system according to claim 1 , fur- 
ther comprising a rotary table having at least one 
rotational feed shaft and a work rotating means for 
rotationally feeding the workpiece mounted on the 

rotary table. 40 

The machine tool system according to claim 1, 
wherein the tool mounted on the spindle comprises 
a grinding wheel. 

45 

The machine tool system according to claim 6, fur- 
ther comprising a tool measuring means located in 
a part of a structure of the machine tool system for 
measuring a diameter or a tip position of the grind- 
ing wheel mounted on the spindle. so 

The machine tool system according to claim 6, fur- 
ther comprising a tool reconditioning means located 
on the column fortruing or dressing an outer periph- 
eral portion of the grinding wheel mounted on the 55 
spindle. 

A nnachining liquid supply device of a machine tool 



system for supplying a machining liquid to a ma- 
chining area where a tool mounted on a spindle en- 
gages with a workpiece mounted on a table includ- 
ed in the machine tool system, said machining liquid 
supply device comprising: 

a machining liquid supply means including a 
machining liquid nozzle for spouting the ma- 
chining liquid toward the machining area and 
connected by piping to a machining liquid 
source; 

a cylindrical supporting means disposed in an 
area surrounding the circumference of the spin- 
dle for movably supporting the machining liquid 
nozzle of the machining liquid supply means; 
a radial moving means for positioning, in a ra- 
dial direction of the tool, the machining liquid 
nozzle of the machining liquid supply means 
supported on the cylindrical supporting means, 
by linearly moving or turning the machining liq- 
uid nozzle with respect to the tool; and 
.a circumferential moving means for positioning 
the machining liquid nozzle of the machining 
liquid supply means over the entire circumfer- 
ence of the tool by rotating the cylindrical sup- 
porting means, 

10. The machining liquid supply device of a machine 
tool system according to claim 9, wherein the radial 
moving means comprises a rack located on the ma- 
chining liquid nozzle of the machining liquid supply 
means, a pinion movable relative to the cylindrical 
supporting means and in mesh with the rack, a 
wonn wheel movable relative to the cylindrical sup- 
porting .means together with the pinion, a worni in 
mesh with the worm wheels and a linear movement 
motor fixed on the column for driving to rotate the 
womri. 

11. The machining liquid supply device of a machine 
tool system according to claim 9, wherein the radial 
moving means comprises a pinion located on the 
machining liquid nozzle of the machining liquid sup- 
ply means, a wonm wheel having a pinion in mesh 
with the pinion and being movable relative to the 
cylindrical supporting means, a womi in mesh with 
the worm wheel, and a turning movement motor 
fixed on a part of a structure of the machine tool 
system for driving to rotate the worm. 

12. The machining liquid supply devbe of a machine 
tool system according to claim 9, wherein the cir- 
cumferential moving means comprises a worm 
wheel integrated with the cylindrical supporting 
means, a wonn in mesh with the worm wheel, and 
a rotating movement motor fixed on a part of a struc- 
ture of the machine tool system for driving to rotate 
the worm. 



10 



.1151823A1J_> 



EP 1 151 823 A1 




BNSDCX3I0: <EP 1151823A1J_> 



11 



EP 1 151 823 A1 




12 

BNSDOCIO: <EP 1151823A1 J_> 



EP 1 151 823 A1 



Fi g . 3 



30 




8NSDOCID: <EP 1151823A1_L> 



13 



EP 1 151 823 A1 




14 

BNSOOCID: <EP 1151823A1J_> 



EP 1 151 823 A1 



CN 




15 



BNSDCXID: <EP 1151823AlJ_> 



EP1 151 823 A1 




BNSDCCID: <EP 1151823A1 J_> 



16 



EP 1 151 823 A1 



Fig. 7 





Mr 



THE y-, 2-AXIS 

POSITION DETECTORS 



102 



MACHINE 
CONTROL 
UNIT 



17 



BNSDOCID: <EP 115»823A1_L> 



EP 1 151 823 A1 



LIST OF REFERENCE CHARACTERS 



10 


Spindle head 


12 


Spindle 


14 


Column 


16 


Cylindrical supporting body 


16a 


Linear guide portion 


16b 


Guide block 


16c 


Linear guide groove 


17 


Linear rod 


18 


Machining liquid supply device 


18a 


Machining liquid receiving unit 


18b 


Piping unit 


18c 


Forward end 


18d 


Connector 


20 


Machining liquid supply nozzle 


22a, 


22b Rotary bearing 


30 


Rotating movement mechanism 


32 


First worm wheel 


34 


First worm 


36 


Shaft 


36a 


Pulley 


38 


Bracket 


40 


Driving motor 


40a 


Output shaft 


42a 


Pulley 


44 


Timing belt 



18 



EP 1 151 823 A1 



50 Gear carrier 

52a, 52b Ball bearing 

54 Second worm wheel 

56 Pinion 

58 Rack teeth 

60 Rack 

6 6 Second worm 
68 Shaft 

70 Bracket 

72a, 72b Holder 

7 4 Pulley 

7 6 Driving motor 

7 6a Output shaft 

78a Pulley 

7 8b Timing belt 

80 Linear movement mechanism 

90 Tool storage unit 

9 2 Bed 

94 Table 

9 6 Rotary head base 

9 8 Rotary head 

10 0 Work gripping device 
102 Machine control unit 

110 Automatic tool measuring device 

110a Measuring tip 

112 Lid 

120 Turning movement mechanism 



19 



BNSDOCID: <EP 1151823A1J_> 



EP 1 151 823 A1 



122 Driving motor 

124 Third worm 

125 Third worm wheel 

126 Pinion 
128 Pinion 

130 Shaft portion 

T Tool 

MT Machine tool 

M- Work measuring device 

W Workpiece 

P Contact area 



BNSDOCIO: <EP 1151823AlJ_> 



20 



EP 1 151 823 A1 



INTERNATIONAL SEARCH REPORT 


Imemaiional application No. 




PCT/JP99/063 69 


A. CLASSIFICATION OF SUBJECT MATTER 




Inc. CI' B23Q11/10 324B55/02 





According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classincation symbols) 
Int.Cl' B23Q11/10 B24B55/02 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
Jitsuyo Shinan Koho 1940-2000 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indicatior^ where approphaie, of the relevant passages 



Relevant to claim No. 



X 
Y 



Microfilm of Japanese Utility Model Application 
No. 9849 /1990 (Laid-open No. 103143 /1991) 
(Mitsubishi Hea-zy Industries, Ltd.), 
25 October, 1991 (25.10.91), 
Claims of Utility Model; Fig. 1 

JP. 7-204983, A (Enshu Ltd.), 

08 August, 1995 (08.08.95), 
Claims; Fig. 2 (FaJiiily: none] 

JP, 4-29497, B2 (Kitamura Machinery Co., Ltd.), 
19 May, 1992 (19.05.92), 
Claiixts; Fig, 3 (Family: none) 

JP, 7-276184, A (Toshiba Corporation), 

24 October, 1995 (24.10.95), 

Claims; Par. No. [0002] (Faitiily: none) 

JP, 4-354674. A (Hitachi Seiko Ltd.), 

09 December, 1992 (09.12.92), 

Claims; Column 3, line 42 to Column 4, line 2 
(Family: none) 



1,4,6, 9, 12 

2,3.5,7,8,10, 
11 



2,3,7,10,11 



6,7 



6-8 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which b not 

considered to be of particular relevance 

earlier document but published on or aAer the imemaiional filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication dale of another sitation or other 
sp«ctal reason (as specified) 

documeal referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



'V- 



later document published after the international tiling daic or 
priority date and not In conflict with the application but cited to 
understand the principle or theory underlymg the invention 
document of particular relevance; the claimed invention cannot be 
considered novd or cannot be considered lo involve an inventive 
Step when the document is taken alone 

document of panicular relevance: ihe claimed invention cannot be 
considered to involve an inventive step when the document b 
combined with one or more other such documents, such 
combination being obvious to a person skilled in (he art 
document member of the same patent family 



Dare of the actual complecion of ihe intcmacional search 
07 February/ 2000 (07,02.00) 



Date of mailing of the international search repon 

15 February, 2000 (15,02.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



21 



1151823A1_L> 



THIS PASE BLANK mm) 



